The regioselective ipso-formylation of electron-rich, 3,4-push-pull-substituted 2-chlorothiophenes under Vilsmeier-Haack conditions was performed in good yields. The synthetic scope of this new reaction was explored using various halothiophenes, chloroanilines, and 1-methyl-3-chloroindole. In comparison with their structural C-H analogs the chlorinated thiophenes, anilines, and the indole proved to be less reactive toward electrophilic attack by chloromethyleniminium salts.
Introduction
Within our scope to employ 2-nitroperchlorobutadiene (1) as a versatile building block for the predictable synthesis of bioactive heterocycles [1a -d], we have also developed an efficient three-step synthesis of the 3-amino-4-nitrothiophenes 3 via the aminodithiolanes 2 [1d] (Scheme 1).
These thiophenes have a unique substitution pattern and are interesting precursors for thiophene-based optoelectronic materials [2] such as conducting polymers with small HOMO-LUMO gaps. To interconnect these thiophene monomers via π bonds, introduction of a formyl group in 2-position of 3 was intended. The Vilsmeier reaction is known to place a formyl group regioselectively onto activated heteroaromatic ring systems such as thiophenes [3] . As a primary selective reduction of the C-Cl group proved difficult, it was aimed to ipso-substitute this position directly. Gratifyingly, this formylation was successful. Therefore, in the present paper we have focused our efforts on the synthetic scope of the ipso-substitution of substituted 2-halothiophenes. Scheme 1. Three-step synthesis of the 3-amino-4-nitrothiophenes 3.
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Results and Discussion
The Vilsmeier reaction comprises the selective electrophilic substitution of activated C-H aromatic or heteroaromatic ring systems with N-derivatives of the unstable formyl chloride -chloromethyleniminium salts -being formed by reaction of N, Ndimethylformamide (DMF) or N-methylformanilide with acid chlorides such as phosphoryl chloride or phosgene [3] . So far, ipso-variants of the VilsmeierHaack formylation have been reported rarely, either with phenylmercury compounds [4] or with tert-butylcalix [4] arene [5] .
Starting from 2-nitroperchlorobutadiene (1) [6] , the N- (2- 
chloro-4-nitro-5-(vinylsulfanyl)-thien-3-yl)-
amines 3a -d are accessible in very good yields (90 -95 %) [1d] . Surprisingly, these persubstituted thiophene derivatives reacted in an S E Ar reaction with a Vilsmeier reagent under exclusive formylation at C-2, with substitution of the chloro substituent (Scheme 2). DMF or N-methylformanilide were used in excess as both, reactant and solvent. Phosphoryl chloride was added at 0 • C in a small excess of 10 -20 %, and the temperature was slowly raised, first to room temperature (r. t.), and then to 50 • C. The resulting aldehydes 4a -d were obtained in moderate to good yields (50 -79 %, Table 1 ), without a reaction of the vinylsulfanyl group. The substitution pattern of the tetrasubstituted thiophenes 3 is unique, comprising a combination of a chloroenamine, a push-pull system and an aminothioketenacetal, all in one leading to a very electron-rich molecule. This special electronic situation should facilitate an electrophilic attack at C-2. Although the mechanism of this new reaction is not yet fully understood [7] , we became interested in its synthetic scope and limitations, the essential substitution pattern as well as the specific reaction conditions. Therefore, under the same reaction conditions we reacted aromatic haloenamines such as 2,6-dichloro-N, N-dimethylaniline (5) and 2,4,6-trichloro-N, N-dimethylaniline (6) which were synthesized according to the literature [8] . Both chloroanilines proved to be not reactive enough to get formylated, neither at 50
Indoles are known to be easily attacked at C-3, even by rather weak electrophiles such as Mannich and Vilsmeier reagents. The N-heteroaromatic haloenamine 3-chloro-1-methyl-1H-indole (8) [9] , though, at 50 • C and with 1.1 eq. of phosphoryl chloride and an excess of DMF, afforded 3-chloro-1-methyl-1H-indole-2-carbaldehyde (9) as the main product with 30 % yield. In accordance with the literature, C-2 is formylated in a Vilsmeier reaction, when the otherScheme 3. Attempted ipso-formylation of chloroanilines 5 and 6 and chloroindole 8.
wise preferred C-3 position is blocked by a chlorine substituent [10] . However, 1-methyl-1H-indole-3-carbaldehyde (10) was found as a by-product with 3 % yield showing that the ipso-Vilsmeier reaction found for the thiophenes 3a -d is transferable to other systems (Scheme 3).
In the next step we investigated the influence of the thiophene ring and its substitution pattern on the formylation reaction of different halogenated thiophenes. Under Vilsmeier-Haack conditions with 2.2 eq. of phosphoryl chloride at 50
• C up to 100 In accordance with the literature [10 -13] the halogen substituents deactivate the thiophene so that the reactions require higher temperatures (100 • C) to take place. In both cases the halogen atoms act as protecting substituents for the 2-or 2,5-position and, additionally in case of bromine and iodine substituents, they were exchanged by chlorine to a large extent. The exchange mechanism is yet not fully understood.
Since the halothiophenes 11 -13 and 17 -19 did not react by ipso-substitution of the halogen while both, the 3-chloroindole 8, which reacted to the 3-carbaldehyde 10 at least partially, as well as the aminonitrothiophenes 3 show this new reaction, apparently either an amino group or more general +M substituents facilitate this formylation reaction. Therefore, a number of 3-morpholinothiophenes were chosen as test compounds which were among the most stable ones in the series of 3a -d. For comparison, 4-(3-thienyl)morpholine (20), which was synthesized by a Buchwald-Hartwig reaction [15] , was formylated in a Vilsmeier reaction, affording thiophene-2-carbaldehyde 21 regioselectively with 62 % yield. The halogenated analogs 4-(2-chloro-3-thienyl)morpholine (22) and 4-(2-bromo-3-thienyl)morpholine (23) were synthesized from 20 with NCS and NBS in DMF. 4-(2,5-Dichloro-3-thienyl)morpholine (24) was synthesized from 3-bromo-2,5-dichlorothiophene according to Buchwald et al. [15] . All of these aminohalothiophenes are rather unstable, and it is not possible to store them over a long period of time. They were tested under Vilsmeier-Haack conditions with 1.1 eq. of phosphoryl chloride at r. t. to 50 • C (Scheme 5, Table 2). In the case of chlorothiophene 22 no product could be isolated but instead decomposition took place. When reacting bromothiophene 23, thiophene-2-carbaldehyde 21 was obtained with 25 % yield as the only product. Although C-5 was not blocked by an additional substituent, the reaction occurred at C-2 Scheme 5. Attempted ipso-formylation of 3-morpholinothiophenes 20 and 22 -24.
next to the activating morpholino group in an ipsosubstitution of the bromo substituent. The dichlorothiophene 24 reacted in the same way at the activated C-2 position to give the thiophene-2-carbaldehyde 25 with 33 % yield.
The 3-amino-4-nitro substitution of thiophenes 3a -d is a valuable tool for the construction of new conducting polymers. Therefore a comparison of their reactivity towards Vilsmeier reagents with the 3,4-bisalk -oxy-substituted ethylenedioxythiophene (EDOT, 26), the monomer of the most important conducting polymer polyethylenedioxythiophene (PEDOT) [16] , is most interesting. The EDOT was used in classical Vilsmeier reactions and afforded as expected the 3,4-ethylenedioxythiophene-2-carbaldehyde (27) in good yield (83 %). For comparison, 2,5-dibromo-3,4-ethylenedioxythiophene (28), which was synthesized according to the literature [18] , and 2-bromo-3,4-ethylenedioxythiophene (29), which was synthesized under similar conditions with NBS in DMF, were reacted under Vilsmeier-Haack conditions with 1.1 eq. of phosphoryl chloride at 50 • C (Scheme 6, Table 3 ). Starting with 28 the same reaction as with the thiophenes 3a -d took place resulting in the ipso-substitution of a bromo substituent by a formyl group. 5-Bromo-3,4-ethylenedioxythiophene-2-carbaldehyde (30) and 5-chloro-3,4-ethylenedioxythiophene-2-carbaldehyde (31) were ob-Scheme 6. ipso-Formylation of 3,4-ethylenedioxythiophenes 26, 28 and 29.
tained as a mixture (0.32 : 1) with 66 % yield. This result shows that alkoxy substituents at C-3 also facilitate an ipso-Vilsmeier attack at position C-2. At C-5 the bromo substituent is exchanged by a chlorine atom of the phosphoryl chloride to a large extent, probably by an addition/elimination mechanism. In comparison, the reaction of 29 gave the same product mixture of 30 and 31 (1 : 0.22) with 84 % yield. In an intramolecular competition, both C-2 and C-5 have the +M alkoxy substituent in α-position, but the reaction only takes place at C-5 in a classical Vilsmeier reaction to give the aldehydes 30 and 31. The bromine substituent at C-2 serves as a protecting group and is only exchanged by chlorine to a lesser extent.
Conclusion
A new and unexpected variant of the ipso-Vilsmeier reaction has been found in which a halogen is substituted by a formyl group under Vilsmeier conditions. This reaction was first developed with electron-rich thiophenes 3a -d, featuring a unique substitution pattern. In the present paper the synthetic scope of this reaction was examined. Aromatic chloroenamines such as the haloanilines 5 and 6 either did not react in this manner or only in a side reaction, like the 3-chloroindole 8. Thiophenes, though bearing an activating +M substituent in 3-position, show this ipso-substitution at C-2, even if C-5 remains unsubstituted such as in 4-(2-bromo-3-thienyl)morpholine (23). In case of an intramolecular competition between an equally activated C-H and C-Br bond, formylation of the C-H bond is preferred. So far, this new reaction is limited to +M-activated 2-or 2,5-halothiophenes. In the near future we will try to gain further insight into the mechanism of this reaction type.
Experimental Section
Melting points were determined with a Differential Scanning Calorimeter Perkin Elmer DSC6. Thin layer chromatography (TLC) was performed on Merck TLC-plates (aluminum based) silica gel 60 F 254. FT-IR spectra were obtained with a Bruker Vector 22 FT-IR spectrometer in the range of 700 to 4000 cm −1 (2.5 % pellets in KBr). Mass spectra were obtained on a Varian 320 MS Triple Quad GC/MS/MS instrument with a Varian 450-GC unit usually in direct mode with electron impact (70 eV). In the case of chlorinated and brominated compounds, all peak values of molecular ions as well as fragments refer to the isotopes 35 Cl and 79 Br. The elemental composition was confirmed either by combustion analysis or by high-resolution EI and (+)-ESI mass spectrometry. All HRMS results were satisfactory in comparison to the calculated accurate masses of the molecular ions (±2 ppm, R ∼ 10000). 1 H NMR (600 MHz), 13 C NMR (150 MHz): Avance III 600 MHz FT-NMR spectrometer (Bruker, Rheinstetten, Germany); 1 H NMR (400 MHz), 13 C NMR (100 MHz): Avance 400 FT-NMR spectrometer (also Bruker). 1 H NMR (200 MHz), 13 C NMR (50 MHz): DPX 200 FT-NMR spectrometer (also Bruker). 1 H and 13 C NMR spectra were referenced to the residual solvent peak: CDCl 3 , δ = 7.26 ( 1 H), δ = 77.0 ( 13 C) ppm. Chemical shifts δ are given in ppm. In most cases, peak assignments were accomplished by HSQC and HMBC NMR experiments. Purifications were carried out by means of column chromatography on silica gel 60 (Merck). Petroleum ether as eluent had the boiling range 60 -70 • C. 
Ethyl 4-(2-chloro-4-nitro-5-(vinylsulfanyl)-3-thienyl)-1-piperazinecarboxylate (3d)
3d was synthesized according to the literature [1d]. An aqueous (aq.) solution of NaOH (40 %, 1.00 g, 10.0 mmol) was added to a solution of ethyl 4-(1,1-dichloro-3-(1,3-dithiolan-2-ylidene)-3-nitro-1-propen-2-yl)-1-piperazinecarboxylate (2d) (826 mg, 2.00 mmol) in DMSO (10 mL) at 0 • C within 10 min. After 1 h at 0 • C the mixture was stirred for an additional 3 h at r. t. Then cold water (70 mL) was added at 0 to 5 • C. The mixture was acidified to pH = 1 upon dropwise addition of conc. aq. HCl. The product precipitated as an oil, and the aq. fraction was decanted. The oily product was dissolved in chloroform (50 mL), the solution was washed with aq. HCl (15 %, 3 × 30 mL) and water (2 × 30 mL), and was then dried (sodium sulfate). The solvent was evaporated and the product isolated as an orange solid; yield: 679 mg (90 %), m. p. 109 • C. 
General procedure for all formylation reactions under Vilsmeier-Haack conditions
To a solution of the starting material in anhydrous DMF or dimethylformanilide under an atmosphere of nitrogen and at 0 • C, 1.1 -2.2 eq. of phosphoryl chloride (POCl 3 ) was added slowly by a syringe. The solution was then heated to a temperature between r. t. and 100 • C for 1 -24 h (TLC control) under stirring. After cooling to r. t. the reaction mixture was poured into ice water and stirred for 10 min. In case of the morpholino derivative 4a in DMF the precipitate was filtered, washed with water (3 × 20 mL), dried in vacuo and purified by column chromatography. In general, for the aminonitrothiophenes 4a -d the aq. fraction was extracted with ethyl acetate (3×), and the organic fraction was dried (magnesium sulfate). After evaporation of the solvent the product was purified by column chromatography. In all other cases a sat. aq. solution of sodium hydrogen carbonate was added. The mixture was stirred for 1 h and extracted with dichloromethane (3×). The organic fraction was dried (magnesium sulfate). After evaporation of the solvent the products were purified by column chromatography.
3-(4-Morpholino)-4-nitro-5-(vinylsulfanyl)thiophene-2-carbaldehyde (4a)
Method I: The product was synthesized according to the general procedure from 4-(2-chloro-4-nitro-5-(vinylsulfanyl)-3-thienyl)morpholine (3a) (2.50 g, 8.2 mmol), anhydrous DMF (15 mL), and 1.1 eq. of POCl 3 (0.82 mL, 9.0 mmol); 50 • C, 2 h, ice water (110 mL); column chromatography (petroleum ether-ethyl acetate 3 : 1). The product was isolated as an orange solid; yield: 1.944 g (79 %).
Method II: The product was synthesized according to the general procedure from 4-(2-chloro-4-nitro-5-(vinylsulfanyl)-3-thienyl)morpholine (3a) (100 mg, 0.327 mmol), dimethylformanilide (1 mL), and 1. 
4-Nitro-3-(1-piperidinyl)-5-(vinylsulfanyl)thiophene-2-carbaldehyde (4b)
The product was synthesized according to the general procedure from 4-(2-chloro-4-nitro-5-(vinylsulfanyl)-3-thienyl)piperidine (3b) (608 mg, 2.0 mmol), anhydrous DMF (4 mL), and 1. 
4-Nitro-3-(1-pyrrolidinyl)-5-(vinylsulfanyl)thiophene-2-carbaldehyde (4c)
The product was synthesized according to the general procedure from 4-(2-chloro-4-nitro-5-(vinylsulfanyl)-3-thienyl)pyrrolidine (3c) (580 mg, 2.0 mmol), anhydrous DMF (4 mL), and 1.2 eq. of POCl 3 (0.22 mL, 2.4 mmol); r. t., 4 h, ice water (5 mL), ethyl acetate (3 × 30 mL); column chromatography (petroleum ether-ethyl acetate 1 : 1). The product was isolated as a red-brown solid; yield: 284 mg (50 %), m. p. 161 • C. 
Ethyl 4-(2-formyl-4-nitro-5-(vinylsulfanyl)-3-thienyl)-1-piperazinecarboxylate (4d)
The product was synthesized according to the general procedure from 754 mg (2.0 mmol) ethyl 4-(2-chloro-4-nitro-5-(vinylsulfanyl)-3-thienyl)-1-piperazinecarboxylate (3d), anhydrous DMF (4 mL), and 1.2 eq. of POCl 3 (0.22 mL, 2.4 mmol); 50 • C, 5 h, ice water (5 mL), ethyl acetate (3 × 30 mL); column chromatography (petroleum ether-ethyl acetate 1 : 1). The product was isolated as an orange solid; yield: 534 mg (72 %), m. p. 138 • C. -1 H NMR (600 MHz, 
2,6-Dichloro-N,N-dimethylaniline (5)
To a solution of 2,6-dichloroaniline (1.0 g, 6.2 mmol) in toluene (10 mL) dimethyl sulfate (3.13 g, 24.5 mmol) and anhydrous potassium carbonate (858 mg, 6.2 mmol) were added, and the mixture was refluxed overnight. After cooling to r. t. aq. ammonia solution (25 %, 20 mL) was added, and the mixture was stirred for 5 min. Then ethyl acetate (20 mL) was added, the fractions were separated, and the organic fraction was washed twice with water. The product was purified by column chromatography (petroleum etherethyl acetate 10 : 1), then isolated as a colorless liquid; yield: 300 mg (25 %). , C-1) . The NMR data were in accordance with the literature [8] .
2,4,6-Trichloro-N,N-dimethylaniline (6)
2,4,6-Trichloro-N, N-dimethylaniline (6) was prepared according to the procedure for 5 from 2,4,6-trichloroaniline (1.0 g, 5.1 mmol), toluene (8 mL), dimethyl sulfate (2.59 g, 20.5 mmol), and anhydrous potassium carbonate (709 mg, 5.1 mmol). The product was isolated as a colorless liquid; yield: 579 mg (51 %). , C-1) . The NMR data were in accordance with the literature [8] .
3-Chloro-1-methyl-1H-indole (8)
3-Chloro-1-methyl-1H-indole (8) was synthesized according to the literature for the synthesis of 3-chloro-1H-indole [9] . Under an atmosphere of nitrogen N-chlorosuccinimide (214 mg, 1.53 mmol) was added to a solution of 1-methyl-1H-indole (7) (200 mg, 1.53 mmol) in anhydrous DMF (6 mL). The reaction mixture was stirred for 2 h at r. t. in the dark, and then brine (10 mL) was added. The aq. fraction was extracted with ethyl acetate (3 × 30 mL), and the organic fraction was washed with water and dried (magnesium sulfate). After evaporation of the solvent the product was purified by column chromatography (petroleum ether-ethyl acetate 8 : 1). The product was isolated as a light-yellow oil; yield: 147 mg (58 %). 
3-Chloro-1-methyl-1H-indole-2-carbaldehyde (9) / 1-methyl-1H-indole-3-carbaldehyde (10)
The product was synthesized according to the general procedure from 3-chloro-1-methyl-1H-indole (8) (100 mg, 0.606 mmol), anhydrous DMF (1 mL), 1.1 eq. of POCl 3 (0.061 mL, 0.666 mmol); 50 • C, 3 h, ice water (5 mL), sat. aq. solution of sodium hydrogen carbonate (10 mL), CH 2 Cl 2 (3 × 10 mL); column chromatography (petroleum etherethyl acetate 2 : 1). The products were isolated as colorless solids. 
3-Chloro-1-methyl-1H-indole-2-carbaldehyde (9)
:
5-Halo-2-thiophenecarbaldehydes 14 -16
The products were synthesized according to the general procedure from 2-halothiophene (3.0 mmol), anhydrous DMF (6 mL), and 2.2 eq. of POCl 3 (0.6 mL, 6.6 mmol); 100 • C, 4 h, ice water (5 mL), sat. aq. solution of sodium hydrogen carbonate (10 mL), CH 2 Cl 2 (3 × 10 mL); column chromatography (pentane-CH 2 Cl 2 1 : 1).
Starting material: 2-chlorothiophene (11); product: 5-chlorothiophene-2-carbaldehyde (14) . The product was isolated as a colorless liquid; yield: 35 mg (8 %).
Starting material: 2-bromothiophene (12); product: 5-chlorothiophene-2-carbaldehyde (14) . The product was isolated as a colorless liquid; yield: 37 mg (8 %).
Starting material: 2-iodothiophene (13); products: mixture of 5-chloro-thiophene-2-carbaldehyde (14) / 5-iodothiophene-2-carbaldehyde (16) 1 : 0.33. The products were isolated as a colorless liquid; yield (both products): 99 mg (20 %). 
3-(4-Morpholino)thiophene-2-carbaldehyde (21)
Method I: The product was synthesized according to the general procedure from 4-(thienyl-3-yl)morpholine (20) (75 mg, 0.444 mmol), anhydrous DMF (0.6 mL), and 1.1 eq. of POCl 3 (0.037 mL, 0.488 mmol); 50 • C; 1.5 h, ice water (5 mL), sat. aq. solution of sodium hydrogen carbonate (10 mL), CH 2 Cl 2 (3 × 10 mL); column chromatography (petroleum ether-ethyl acetate 1 : 1). The product was isolated as a yellow solid; yield: 54 mg (62 %), m. p. 55 • C.
Method II: The product was synthesized according to the general procedure from 4-(2-bromo-3-thienyl)morpholine (23) (20 mg, 0.081 mmol), anhydrous DMF (0.12 mL), and 1.1 eq. of POCl 3 (0.008 mL, 0.089 mmol); 50 • C, 4.5 h, ice water (5 mL), sat. aq. solution of sodium hydrogen carbonate (5 mL), CH 2 Cl 2 (3 × 5 mL); column chromatography (petroleum ether-ethyl acetate 2 : 1). The product was isolated as a yellow solid; yield: 4 mg (25 %), m. p. 55 • C. 
